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Twenty cassava genotypeswere arranged in a randomised complete block designwith three replications and assessed for growth and
yield stability using the additivemain effect andmultiplicative interaction (AMMI) analysis. Highly significant (𝑃 < 0.001) effects of
genotype, environment, and genotype∗ environment interactionwere observed for all traits studied.TheAMMIanalysis of variance
indicated that genotype accounted for 51% of the total sum of squares for height at first branching followed by environment (33%)
and interaction (15%). For fresh root yield, environment effects accounted for 37% of the total sum of squares, whilst genotype
and interaction accounted for 32% and 29%, respectively. Genotypic variances for harvest index (HI), plant height, storage root
yield, and dry matter content contributed a greater proportion of the phenotypic variance indicating stronger genetic control.
This suggests better chance of progress in the genetic improvement of these traits. Genotype MM96/1751 combined high yield
with stability according to the yield stability index ranking across environments. On the other hand genotypes UCC 2001/449 and
96/1708 though high yielding were unstable according to AMMI stability value scores. However they can be tested further in more
environments to ascertain their specific adaptability for release to farmers for cultivation to boost cassava production and ensure
food security.

1. Introduction

Cassava (Manihot esculenta Crantz) is grown in a wide range
of environments but severe yield losses occur in traditional
cultivars grown by poor farmers [1–3]. Root yield losses in
poor drought-prone environments can be as high as 80%
when compared with root yield in optimum environments
[4]. This is because genotypes exhibit different levels of
phenotypic expression under different environmental con-
ditions resulting in crossover performances [5]. Crossover
performances by genotypes in different environments result
from differential responses under varying environmental
conditions [6, 7].This was defined as genotype∗environment

(𝐺 ∗ 𝐸) interaction [8]. Studies on cassava’s performance in
different environments have indicated significant𝐺∗𝐸 effect
for root yield and yield components [9–12].

Genotype ∗ environment interaction also results from
differences in the sensitivities of genotypes to the conditions
in the target environment [13] leading to inconsistent per-
formances of genotypes across environments. This limits the
efficiency of selection of superior genotypes [14]. In 𝐺 ∗ 𝐸
interaction, the magnitude of the observed genetic variances
changes from one environment to the next and tends to
be larger in better environments than poorer environments
[15]. Breeding cassava for yield involves different attributes
of genotypes that are subject to influences by variation in
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environmental conditions [16]. The objective of most cassava
yield improvement programmes is to identify and select high
yielding and stable genotypes across several environments
and seasons [11]. The efficiency and success of such selection
depend on the consistency of performances of genotypes in
varying environments [17]. For this reason, genotypes are
tested in diverse environments to assess their adaptability and
stability [5]. Genotypes whose𝐺∗𝐸 effects are not significant
are said to be stable [14].

Several methods have been used to assess the 𝐺 ∗𝐸 effect and stability in crop performances. Eberhart and
Russell [18] proposed joint regression analysis to estimate the
average performance of a genotype in different environments
relative to the mean performance of all genotypes in the
same environment. Multiplicative models which include the
additive main effect and multiplicative interaction (AMMI)
model have also been used [19, 20]. The AMMI model fits
the sum of several multiplicative terms rather than only
one multiplicative term in assessing the performance of
genotypes in different environments [21]. AMMI analysis
can be used to determine stability of the genotypes across
locations using the PCA (principal component axis) scores
and AMMI stability value (ASV) [22]. The ASV is based on
the AMMI model’s IPCA1 and IPCA2 (interaction principal
components axes 1 and 2, resp.) scores for each genotype [23].
Genotypes having the least ASV are considered as widely
adapted genotypes. Similarly, IPCA2 score near zero indicates
more stable genotypes whilst large values represent more
responsive and less stable genotypes.

Stability per se does not give much information about the
level of yield so Farshadfar et al. [24] and Tumuhimbise et
al. [25] used yield stability index (YSI) and genotype stability
index (GSI) which combined high yield performance with
stability. Both the YSI and the GSI are based on the sum
of the ranking due to ASV scores and yield or performance
ranking. Lower YSI and GSI values indicate genotypes that
combine high yield or performance with stability [24, 26, 27].
The study was conducted to assess the performance and
stability of cassava genotypes for fresh root yield and other
yield components. Specific objectives were to identify high
yielding stable cassava genotypes and estimate the variance
components as well as broad sense heritability of root yield
and other traits.

2. Materials and Methods

The experiments were conducted during the 2012/2013
and 2013/2014 growing seasons. The trials were conducted
at the research fields of the CSIR-Savanna Agricultural
Research Institute located at Nyankpala (9∘25N, 0∘58W) in
the Guinea Savannah Agroecological Zone and the Crops
Research Institute located at Fumesua (6∘41N 1∘28W) in the
Forest Agroecological Zone of Ghana. The Guinea Savannah
Zone which covers over 40% of the land area of Ghana is
characterised by high temperatures and low humidity for
most parts of the year [28].The rainfall pattern ismonomodal
and erratic with an annual mean of 1100mm. The rains
usually begin in April-May, end in October, and are followed
by a long dry season (5–7 months) which normally begins in

Table 1: List of cassava genotypes used in the study.

Genotype Source Genotype Source
ATR 002 Local 00/0203 IITA
ATR 007 Local 96/1708 IITA
NWA 004 Local I91934 IITA𝑃𝑜𝑛𝑡𝑖𝑠𝑎𝑛𝑔𝑒∗ Local CTSIA 45 CIAT𝐵𝑖𝑎𝑏𝑎𝑠𝑠𝑒∗ Local CTSIA 48 CIAT
UCC2001/449 Local CTSIA 65 CIAT
TME 419 IITA CTSIA 72 CIAT
TME 435 IITA CTSIA 112 CIAT
96/409 IITA CTSIA 230 CIAT
MM96/1751 IITA CTSIA 110 CIAT
Local = genotypes from local sources, IITA = genotypes obtained from
the International Institute for Tropical Agriculture, and CIAT = genotypes
obtained from the International Center for Tropical Agriculture. ∗Local
farmer preferred varieties.

November and lasts till April. Intermittent dry spells usually
occur even during the rainy season. This experimental site
represented the low potential environment.

The site at the CSIR-Crops Research Institute (CSIR-
CRI) was located at Fumesua within the Forest Agroecology
which is characterised by a bimodal rainfall pattern, major
and minor rainy seasons. The major rainy season begins in
February and ends in August and then is followed by the
minor seasonwhich begins in September and ends inNovem-
ber. This site represented the high potential environment for
assessing the genotypes for high yield potential.

Twenty cassava genotypes were used for the experiment
(Table 1). These included six local landraces collected from
farmers’ fields, seven drought tolerant genotypes obtained
from the International Institute of Tropical Agriculture
(IITA), Nigeria, and seven genotypes from the International
Center for Tropical Agriculture (CIAT), Columbia. The
genotypes were arranged in a randomised complete block
design with three replications under each growing condition.
A plot consisted of four rows with ten plants in a row giving
a population of 40 plants in each plot.

At each site the land was ploughed, harrowed, and laid
out in a randomised complete block with three replications.
Ridges were manually raised for the trials at CSIR-SARI,
Nyankpala, but planting was done on the flat at Fumesua
based on the regular practice. The 20 cassava genotypes
represent the treatments. Each plot was made up of four rows
with 10 plants in a row. Mature cassava cuttings measuring
25–30 cm were planted using a spacing of 1m × 1m on the
top of ridge or flat as the case may be at an angle of 45∘ to the
ground surface [29]. No fertilizer was applied to the trials but
weeds were manually controlled using cutlasses and hoes as
and when necessary.

Monthly data were recorded on growth parameters
including plant height (cm), stem girth (cm), and plant
height at first branching (cm) which were collected at three
months after planting and continued till harvest at 12months.
Harvesting was done at 12 months after planting. Eight
plants from the two inner rows were sampled for yield
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determination. Storage root yield was estimated per plot and
extrapolated to tons per hectare. For storage root dry matter
content determination, roots were first chopped into pieces
(about 1 cm thick) and mixed thoroughly. Afterwards three
100 g subsamples were taken and oven-dried at 80∘C for 48
hours and weighed. Dry matter content for each sample was
obtained by expressing the dry weight as a percentage of the
original fresh weight of the sample taken. An average of the
three samples was calculated to obtain the dry matter content
of the respective genotypes. Cassava mosaic disease (CMD)
severity was scored using a scale of 1–5 where 1 denotes no
symptom and 5 denotes highly diseased plants [30].

Thedatawere subjected to analysis of variance usingGen-
Stat software version 12.1 [31] to determine the significance
of the main effects and interactions. Combined analysis of all
growth parameters as well as root yield and yield components
from the different growing environments was done. Two
growing environments (Nyankpala and Fumesua) and two
growing seasons (2013 and 2014) were used.

Variance components (genotypic, phenotypic, and envi-
ronment as well as genotype ∗ environment variances) were
also estimated from their respective mean squares obtained
from the analysis of variance table according to Ntawu-
ruhunga and Dixon [16]. Broad sense heritability (𝐻2𝑏) was
estimated according to Padi [32] as follows:

𝐻2 = 𝜎2𝑔𝜎2𝑝 ,
𝜎2𝑝 = (𝜎2𝑔) + (𝜎2𝑔∗𝑒𝐸 ) + (𝜎2𝑒𝐸𝑅) ,

(1)

where

𝜎2𝑔 is genotypic variance;𝜎2𝑝 is phenotypic variance;𝜎2𝑔∗𝑒 is genotype ∗ environment variance;

𝜎2𝑒 is pooled error;𝐸 is number of environments;𝑅 is number of replications.

Genotypic coefficient of variation (GCV) and phenotypic
coefficient of variation (PCV) were estimated according to
Singh and Chaudhary [33] as follows:

GCV (%) = (√𝜎2𝑔�̈� ) ∗ 100%,
PCV (%) = (√𝜎2𝑝�̈� ) ∗ 100%,

(2)

where �̈� is grand mean.
Expected genetic advance, GA, was calculated as

GA = (𝐾) 𝜎𝐴𝐻2, (3)

where GA is expected genetic advance.

𝐾 is Selection differential (2.06 at 5% selection inten-
sity).𝜎𝐴 is phenotypic standard deviation.

Genetic advance as a percentage ofmean (GAM)was also
estimated using the following formula:

GAM = GA�̈� ∗ 100. (4)

2.1. Stability Analysis. Additivemain effect andmultiplicative
interaction (AMMI) model in GenStat 12.1 [31] was used
to determine the stability of the genotypes across environ-
ments. The AMMI model first fits the additive effects for
the genotypes and the growing environments (two growing
environments and two seasons) and multiplicative term for
genotype ∗ environment interactions.

The AMMI model according to Farshadfar et al. [24] is
presented as

𝑌𝑖𝑗 = 𝜇 + 𝑔𝑖 + 𝑒𝑗 + 𝑛∑
𝑘=1

𝜆𝑘𝛼𝑖𝑘𝛾𝑗𝑘 + 𝑒𝑖𝑗, (5)

where 𝑌𝑖𝑗 is the yield of the 𝑖th genotype in the 𝑗th environ-
ment, 𝑔𝑖 is the mean of the 𝑖th genotype minus the grand
mean, 𝜆𝑘 is the square root of the eigenvalue of the PCA axis𝑘,𝛼𝑖𝑘 and 𝛾𝑗𝑘 are the principal component scores for PCA axis𝑘 of the 𝑖th genotype and the 𝑗th environment, respectively,
and 𝑒𝑖𝑗 is the residual. The environment and genotypic PCA
scores are expressed as unit vector times the square root of 𝜆𝑘;
i.e., environment PCA score = 𝜆𝑘0.5𝑌𝑖𝑘; 0.5; genotype PCA
score = 𝜆𝑘0.5𝛼𝑖𝑘.

AMMI stability value (ASV) was calculated for each
genotype according to the relative contributions of the
principal component axis scores (IPCA1 and IPCA2) to the
interaction sum of squares.

TheAMMI stability value (ASV) as described byPurchase
et al. [23] was calculated as follows:

ASV

= √[ IPCA1Sum of squares

IPCA2Sum of squares
(IPCA1score)]2 + (IPCA2score)2, (6)

where IPCA1Sum of squares/IPCA2Sum of squares is the weight
given to the IPCA1-value by dividing the IPCA1 sum of
squares (from the AMMI analysis of variance table) by the
IPCA2 sum of squares. The larger the IPCA score is, either
negative or positive, the more adapted a genotype is to a
certain environment. Smaller ASV scores indicate a more
stable genotype across environments [24].

Yield stability index was also calculated using the sum of
the ranking based on yield and ranking based on the AMMI
stability value.

YSI = RASV + RY, (7)

where
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Table 2: Total rainfall, mean temperature, and average relative humidity during the period of the experiment.

Environment Total rainfall (mm) Mean temperature (∘C) Relative humidity (%)
Nyankpala 2013 991.68 28.29 68.68
Nyankpala 2014 1181.04 28.71 68.5
Fumesua 2013 1147.08 27.3 75.4
Fumesua 2014 1620 25.8 81.3

Table 3: Combined analyses of variance for seven traits evaluated on 20 cassava genotypes in two ecologies of Ghana.

Source df Plt ht (cm) Stem diam (cm) Ht branch Rt yld (t/ha) DM% HI CMD score
Rep 2 741.60 0.74 1739.90 178.22 11.20 0.02 0.84
Geno (G) 19 9548.50∗∗∗ 0.46∗∗∗ 9375.50∗∗∗ 604.61∗∗∗ 91.87∗∗∗ 0.05∗∗∗ 7.07∗∗∗
Env (E) 3 298047.90∗∗∗ 2.77∗∗∗ 39224.30∗∗∗ 4385.50∗∗∗ 105.56∗∗∗ 0.16∗∗∗ 17.57∗∗∗𝐺 ∗ 𝐸 57 1376.30∗∗ 0.18∗∗∗ 993.50∗∗∗ 182.23∗∗∗ 20.47∗ 0.03∗∗∗ 1.08∗∗∗
Residual 158 750.70 0.09 481.50 61.58 13.95 0.01 0.22
Total 239
∗, ∗∗, ∗∗∗ = significant at 𝑃 < 0.05, 𝑃 < 0.01, and 𝑃 < 0.001, respectively, ns = not significant (𝑃 > 0.05), df = degree of freedom, Plt ht = plant height (cm),
Stem diam = stem diameter (cm), Ht branch = height at first branching (cm), Rt yld = storage root yield (t/ha), DM% = dry matter content (%), HI = harvest
index, and CMD Score (1–5) = cassava mosaic disease score (based on scoring chart where 1 denotes no symptom and 5 denotes highly diseased plants).

RASV is the rank of the genotypes based on the
AMMI stability value;
RY is the rank of the genotypes based on yield across
environments (RY).

YSI incorporates both mean yield and stability in a single
criterion. Low values of both parameters show desirable
genotypes with high mean yield and stability [25, 34].

3. Results

The environments differed in total rainfall amounts, mean
temperature, and relative humidity (Table 2).The total rainfall
recorded in 2014 was higher than that recorded in 2013
for both locations. For Fumesua in 2014, 1620.00mm was
recordedwhich was higher than in 2013 (1147.08mm). Higher
amount of rainfall was also recorded at Nyankpala in 2014
(1181.04mm) than Nyankpala in 2013 (991.68mm). Mean
monthly temperature recordings at Nyankpala were higher
than at Fumesua in both years.The environments at Fumesua
(FUM13; 75.4% and FUM14; 81.3%) also had higher relative
humidity than Nyankpala in both years (Nyank2013; 68.68%
and Nyank2014; 68.5%).

There were highly significant (𝑃 < 0.001) effect of
genotypes and environment for all the traits studied (Table 3).
Genotype∗ environment effect was significant (𝑃 < 0.05) for
storage root dry matter content, very significant (𝑃 < 0.01)
for plant height, and highly significant (𝑃 < 0.001) for stem
diameter, plant height at first branching, storage root yield,
harvest index, and cassava mosaic disease score.

The AMMI analysis of variance indicated highly sig-
nificant (𝑃 < 0.001) effects of genotype, environment,
and interaction for all traits (Table 4). Genotypic factors
accounted for larger proportion of the treatment sum of
squares for plant height at first branching, drymatter content,
harvest index, and cassava mosaic disease score environment

and genotype ∗ environment interactions. Genotype effect
accounted for 15.72% of the treatment sum of squares (SS)
for plant height (cm) whilst environment and interaction
accounted for 77.48% and 6.80%, respectively. The first two
interaction principal component axes (IPCA1 and IPCA2)
accounted for 85.10% of the interaction sum of squares. For
stem diameter, 32.10% of the treatment sum of squares was
due to genotype effect whilst environment and interaction
effect accounted for 30.38% and 37.52%, respectively. The
IPCA1 accounted for 74.63% with IPCA2 accounting for
13.95%. A greater proportion of the treatment sum of squares
for plant height at first branching was due to genotype
effect (51.34%) followed by environment effect (33.38%) and
interaction effect (15.27%).The first two interaction principal
component axes accounted for a total of 79.42%.

Genotype effects accounted for 53.99% of the treatment
sum of squares for cassava mosaic disease severity score
whilst environment and interaction effects accounted for
21.20% and 24.81%, respectively. The IPCA1 accounted for
85.80% of the interaction sum of squares with IPCA2
accounting for 10.93%. For storage root yield, environment
effect (37.55%) contributed a greater proportion of the
treatment sum of squares compared with genotype effect
(32.77%) and genotype ∗ environment interaction (29.68%).
The first two interaction principal component axes (IPCA1
and IPCA2) accounted for 65.55% and 31.12% of the interac-
tion sum of squares respectively. The influence of genotype
(54.10%) on root dry matter content was greater than both
genotype ∗ environment interaction (36.10%) and environ-
ment effect (9.78%). Genotype effect (46.22%) on harvest
index was greater than the effect of interaction (28.38%) and
environment (25.39%). The first two principal component
axes contributed a total of 91.13% of the interaction sum of
squares.

A large proportion of the phenotypic variance (𝜎2𝑝) for
plant height was accounted for by the genotypic variance
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Table 5: Estimates of variance components, broad sense heritability, PCV, and GCV for six traits in 20 cassava genotypes from four
environments.

Parameter Traits
Plt ht (cm) Ht branch (cm) St diam (cm) Rt yld (t/ha) HI DM (%)𝜎2𝑔 746.98 630.94 0.013 24.85 0.003 4.90𝜎2𝑔∗𝑒 72.47 111.68 0.012 6.07 0.001 2.38𝜎2𝑒 843.90 387.10 0.091 45.08 0.004 13.27𝜎2𝑝 901.67 805.59 0.031 47.66 0.004 6.30𝐻2𝑏 82.84 78.32 43.08 43.46 71.66 77.7

GCV (P) 14.75 36.19 5.14 18.36 9.79 6.53
PCV (G) 15.70 38.89 7.06 21.93 10.81 7.46
P-G 0.95 2.70 1.92 3.57 1.02 0.93
GA 51.25 45.79 0.16 6.77 0.10 4.02
GAM 27.66 65.98 6.94 27.31 17.06 11.86
𝜎2𝑔 = genotypic variance, 𝜎2𝑔∗𝑒 = genotype ∗ environment variance, 𝜎2𝑒 = error variance, 𝜎2𝑝 = phenotypic variance, 𝐻2𝑏 = broad sense heritability,
GCV = genotypic coefficient of variation (%), PCV = phenotypic coefficient of variation (%), GA = genetic advance, GAM = genetic advance as percentage
of the mean, Plt ht = plant height (cm), Ht branch = plant height at first branching (cm), St diam = stem diameter (cm), Rt yld = root yield (t/ha), DM% =
storage root dry matter content (%), and HI = harvest index.

(𝜎2𝑔) (Table 5). Genotypic variances (𝜎2𝑔) for plant height
and height at first branching were higher than the 𝐺 ∗ 𝐸
variance (𝜎2𝑔∗𝑒). Storage root yield and dry matter content
were mostly influenced by their 𝜎2𝑔 compared with 𝜎2𝑔∗𝑒.
Error variances (𝜎2𝑒) for all traits were higher than their
phenotypic variances (𝜎2𝑝) except for plant height, height at
branching, storage root yield, and harvest index.

The estimates of broad sense heritability varied for all the
traits and were especially low for stem diameter (43.08%)
and root yield (43.46%) (Table 5). Relatively high broad
sense heritability estimates were observed for plant height
(82.84%), height at first branching (78.32%), and storage
root dry matter content (77.70%). Phenotypic coefficient of
variation for all traits was higher than the corresponding
genotypic coefficient of variation (GCV). Wide differences
between PCV and GCV were observed for height at branch-
ing and storage root yield. PCV ranged from 7.06% to 38.89%
for stem diameter and height at first branching respectively.
GCV varied from 5.14% (stem diameter) to 36.19% (height
at first branching). Moderate PCVs (10–20) were observed
for plant height and harvest index whereas high PCV (>20)
was recorded for height at first branching. Stem diameter
and root dry matter content had the lowest PCVs (<10). The
analysis of the expected genetic advance as percentage of the
mean (GAM) indicated that height at first branching could
be improved by 65.98% whilst only 6.49% progress could
be made in the improvement of stem diameter. Root yield
could also be improved by 27.31% whilst progress of 17.06
and 11.86% could be made in harvest index and dry matter
content, respectively.

The mean performance of all genotypes across the six
environments showed significant (𝑃 < 0.05) genetic variabil-
ity for plant height, height at branching, and cassava mosaic
disease severity score (Table 6). CTSIA 65 had the highest
plant height (249.67 cm) with genotype 00/0203 having the
shortest plants across all environments. The lowest height at
branching genotype was I91934 (36.38 cm) whilst CTSIA 65

had the highest (136.65 cm). Average stem diameter ranged
from 1.84 cm (CTSIA 72) to 2.61 cm (96/409). Cassavamosaic
disease scores varied significantly among the different geno-
types (Table 6). MM96/1751 and 00/0203 had the lowest over-
all mean CMD severity score (1.00) whilst CTSIA 230 had the
highest. (3.13). Average root yield for all genotypes across the
four environments was 24.79 t/ha (Table 5). UCC2001/449
had the highest overall root yield of 35.97 t/ha with CTSIA
48 having the lowest root yield (11.87 t/ha). Three genotypes
(UCC2001/449, MM96/1751, and 96/1708) had significantly
higher root yields than the best farmer preferred variety,
Pontisange,whilst four genotypes had significantly better root
yield than the second best farmer preferred variety, Biabasse.
Harvest index also varied from 0.43 (CTSIA 110) to 0.66
(00/0203 and MM96/1751). The average harvest index for all
genotypes across environments was 0.56. Storage root dry
matter ranged between 28.24% (I91934) and 38.99% (CTSIA
110) with an average of 32.38%.

Additive main effect and multiplicative interaction
(AMMI) stability value (ASV) ranked the genotypes based
on the least score (Table 7). Low scores represent the most
stable genotypes. Based on the ASV, the most stable genotype
for root yield was ATR 007 since it had the highest ASV
ranking. 96/1708 was ranked the least stable because it had
the highest ASV. In terms of root yield UCC2001/449 had
the highest rank with CTSIA 48 being ranked the least.
The sum of the yield and stability rankings (YSI) ranked
MMM96/1751 as the genotype that combined high yield
with stability. 96/1708 though high yielding was unstable
because of its low rank according to the YSI.Three genotypes
MMM96/1751, 00/0203, andUCC2001/449 can be considered
as high yielding and stable.

Additive main effect and multiplicative interaction anal-
ysis identified four highest yielding genotypes in each of
the four environments (Table 8). Four genotypes 96/1708,
UCC2001/449, TME 419, and I91934 were selected for
the high potential environment, Fumesua 2014. In envi-
ronment FUM13, MM96/1751, UCC2001/449, 00/0203, and
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Table 6: Mean performance of 20 cassava genotypes evaluated in four environments.

Genotypes Plt ht (cm) Ht branch (cm) St diam (cm) CMD (1–5) Rt yld (t/ha) HI DM (%)
00/0203 137.73 35.38 2.33 1.00 31.29 0.66 31.71
96/1708 142.52 75.27 2.22 1.08 32.95 0.65 30.78
96/409 180.88 58.58 2.61 1.17 27.69 0.53 29.80
ATR 002 160.53 62.17 2.36 1.15 22.36 0.61 36.05
ATR 007 221.98 77.95 2.16 1.48 24.29 0.53 35.06
Biabasse 158.42 69.87 2.14 2.58 24.32 0.59 29.87
CTSIA 110 214.08 46.58 2.39 2.33 16.41 0.43 38.99
CTSIA 112 203.43 55.30 2.40 2.54 21.25 0.54 33.32
CTSIA 230 191.73 45.72 2.14 3.13 13.52 0.47 31.01
CTSIA 45 174.40 48.95 2.30 2.17 21.15 0.55 36.05
CTSIA 48 157.05 57.93 2.21 2.75 11.87 0.52 33.37
CTSIA 65 249.67 136.65 2.01 2.75 12.38 0.47 31.78
CTSIA 72 211.65 110.83 1.84 2.75 14.17 0.59 34.40
I91934 146.37 36.38 2.13 1.25 27.94 0.60 28.24
MM96/1751 190.92 75.80 2.32 1.00 32.43 0.66 29.25
NWA 004 200.22 69.47 2.15 1.23 22.97 0.54 34.49
Pontisange 202.22 115.20 2.19 2.58 25.77 0.57 30.94
TME 419 199.12 89.42 2.34 1.10 26.53 0.56 31.38
TME 435 188.97 79.95 2.33 1.10 26.60 0.59 31.69
UCC 2001/449 173.37 41.03 2.52 1.33 35.97 0.59 29.45
Mean 185.26 69.42 2.25 1.82 23.59 0.56 32.38
SED 9.68 6.56 0.10 0.38 3.20 0.02 3.05
Plt ht (cm) = plant height (cm), Ht branch (cm) = height at first branching, CMD (1–5) = cassava mosaic disease score (1–5 scale) where 1 denotes no symptom
and 5 denotes highly diseased plant, and HI = harvest index.

Table 7: Ranking of 20 cassava genotypes based on storage root yield, AMMI stability value (ASV), and yield stability index (YSI) at 12
months after planting.

Fresh storage root yield (t/ha)
Genotype Mean Rank (A) IPCA[1] IPCA[2] ASV ASV rank (B) YSI (A + B) YSI rank
MM96/1751 32.43 3 0.45 −2.26 0.54 4 7 1
Pontisange 25.76 9 −0.31 −1.43 0.37 2 11 2
00/0203 31.29 4 −1.10 −1.07 1.33 8 12 3
ATR 007 24.29 11 0.25 −1.54 0.31 1 12 4
UCC 2001/449 35.97 1 −1.48 −1.90 1.78 11 12 5
Biabasse 24.32 10 0.42 −1.88 0.50 3 13 6
96/409 27.69 6 −1.18 −0.03 1.42 9 15 7
TME 435 26.60 7 −1.19 0.66 1.44 10 17 8
I91934 27.94 5 −1.71 1.50 2.06 13 18 9
ATR 002 22.36 13 −0.49 0.96 0.59 6 19 10
NWA 004 22.79 12 −0.80 −0.18 0.96 7 19 11
CTSIA 110 16.41 16 0.45 2.10 0.54 5 21 12
96/1708 32.99 2 −2.91 0.95 3.51 20 22 13
TME 419 26.53 8 −2.21 1.12 2.66 19 27 14
CTSIA 45 21.15 15 2.01 −0.74 2.42 14 29 15
CTSIA 112 21.24 14 2.06 −0.18 2.48 16 30 16
CTSIA 65 12.38 19 1.48 0.88 1.78 12 31 17
CTSIA 230 13.52 18 2.04 1.54 2.45 15 33 18
CTSIA 72 14.17 17 2.09 0.66 2.52 17 34 19
CTSIA 48 11.87 20 2.13 0.83 2.57 18 38 20
Rt yld = storage root yield (t/ha), IPCA [1] score = interaction principal component axis one score, IPCA [2] score = interaction principal component axis two
score, ASV = AMMI stability value, and YSI = yield stability index.
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Table 8: First four AMMI selections based on best root yielding genotype in each environment.

Environment Mean storageroot yield (t/ha) Effect Rank
1 2 3 4

FUM14 34.82 6.283 96/1708 UCC2001/449 TME419 I91934
FUM13 25.62 −0.732 MM96/1751 UCC2001/449 00/0203 Biabasse
NIR13 17.56 −1.481 96/1708 00/0203 MM96/1751 TME 435
NIR14 16.34 −1.989 I91934 UCC2001/449 96/1708 MM96/1751

Biabasse were selected as the top genotypes. The top
four genotypes in Nyankpala 2013 were 96/1708, 00/0203,
MM96/1751, and TME 435. In the least favourable environ-
ment (Nyankpala 2014), genotypes I91934, UCC2001/449,
96/1708, and MM96/1751 were selected.

4. Discussion

The performance of cassava is subject to strong influence
of genotype, environment, and genotype ∗ environment
interaction [10–12, 16]. Significant genotypic variations were
observed for growth parameters such as plant height, stem
diameter, and height at first branching indicating opportunity
for selection. Similar variations in response to cassava to
different environments have been reported [9, 12, 35]. Fresh
root yield was significantly affected by genotype and the
growing environments with much higher root yields being
obtained at Fumesua than Nyankpala in both years probably
due to the favourable environmental conditions typical of
forest agroecologies compared with the guinea savannah
ecologies. This indicates that cassava responds favourably
to better environments. Similar observations were made by
Turyagyenda et al. [4] and Okogbenin and Fregene [9]
who observed higher yields under optimum conditions than
under limitedmoisture. Genotype∗ environment interaction
was observed over the different environments as indicated by
crossover performances for some of the genotypes.This led to
variations in the mean ranks of the genotypes in the different
environments [8, 36]. This implies different adaptation by
the different genotypes suggesting the need to identify and
select location specific genotypes for different environments.
Alternatively yield stability analysis can be performed to
identify genotypes whose performance remains stable over
several years and environments [35]. In this study, genotypes
performed better in the optimum environments than under
stress conditions.

Harvest index was higher in the stress environments than
in the humid environments (Fumesua in 2013 and 2014).
Okogbenin and Fregene [9] reported higher harvest index
under limited moisture conditions than under optimum
conditions. This was possibly due to the tendency of cassava
to grow more vigorously and produce more above ground
biomass relative to their root growth in such environments
[3, 37]. This could be attributed to differential partitioning
of dry matter into the above ground parts and storage
roots [1, 37]. Genotype CTSIA 65 had the tallest plants
but had the lowest root yield suggesting that dry matter
partitioning was probably directed to top growth instead

of storage root bulking. Okogbenin and Fregene [9] stated
that certain cassava genotypes allocate initial dry matter
production for shoot growth before storage root development
commences. Genotypes that are able to balance initial dry
matter accumulation between shoot and root would be ideal
for moisture limited environments.

Genotypic variance accounted for a large proportion of
the observed phenotypic variance for HI and plant height
indicating inherent genetic variation for these traits [38].
On the contrary, Tewodros et al. [39] found lower genotypic
variances for these traits indicating strong environmental
influences. Though estimates of genetic components indi-
cated large genotypic variance (𝜎2𝑔) for a number of traits,
their error variances were higher than the phenotypic vari-
ances inmost cases implying strong environmental influence.
Progress in their improvement requires evaluation in several
environments tominimise the effect of𝐺∗𝐸 interactions that
may influence progress through selection [17]. Root yield and
dry matter content were influenced more by their genotypic
variances than the 𝐺 ∗ 𝐸 interaction variances (𝜎2𝑔∗𝑒).
This indicates the presence of a significant genetic potential
and therefore provides opportunity remarkable improvement
with selection. Similar observations were made by Ntawu-
ruhunga and Dixon [16] who observed large environmental
variance for fresh root yield in cassava.

Broad sense heritability estimates for dry matter content
and plant height were similar to the findings of Ntawu-
ruhunga and Dixon [16]. Heritability estimates influence the
amount of progress that can be made in selection for a trait
of interest [40]. However, broad sense heritability alone does
not always give a full indication of genetic gain that can
be made through selection since it includes both additive
and nonadditive components of the variation [41, 42]. It is
necessary to estimate the genetic advance as a percentage of
the mean to determine the actual progress. When the genetic
advance as a percentage of the mean was estimated, it was
found that though storage root yield had a relatively low
heritability (43%) compared with plant height (82%), they
had the same almost the same GAM.This suggests that plant
height had greater nonadditive variance and environmental
influence compared with storage root yield [41].

Stability analysis methods are often used by breeders to
identify genotypes that have stable performance and respond
positively to improvements in environmental conditions
[24]. AMMI stability value (ASV) indicates the stability of
genotypes. Genotypes having low ASV are considered more
stable whilst those with high values are less stable genotypes
[22]. CTSIA 110, MM96/1751, and TME 435 were the most
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stable for root yield. Stability alone for yield performance
does not warrant selection since a consistently low yielding
genotype can still be stable [43]. In some cases themost stable
genotypes do not always have the best yield performance
[44]. Therefore, high root yield is considered with stability
in the estimation of yield stability index (YSI). The YSI
which is similar to genotype stability index (GSI) proposed
by Fardshadfar [26] integrates both yield and stability across
environments into a single index, to select varieties. The
YSI sums the rank of mean yield across environments with
the rank of the ASV of genotypes [25, 27]. Genotypes
with lower YSI are desirable since they combine high mean
yield performance with stability [24, 25, 27, 34]. Based on
the YSI, genotypes MM96/1751, Pontisange, 00/0203, ATR
007, and UCC2001/449 were selected as combining high
yield performance with stability. Genotypes such as 96/409,
TME 435, and I91934 had intermediate yields with moderate
stability. However genotypes 96/1708 and TME 419, although
high yielding, had high ASV scores resulting in high YSI
scores. However they can be recommended for specific envi-
ronments where they performed well. The range of variation
in the favourable environments (Fumesua 2013 and 2014)
was larger than in the poor environments indicating that
genotypes were better able to exploit their full potential yield
in the good environments [15].

5. Conclusion

Genotype∗ environment interaction was significant for most
of the traits indicating the need to test the genotypes in
multiple environments before effective selection can bemade.
The high broad sense heritability estimates obtained for plant
height and height at first branching suggest that significant
progress can be made through selection for improvement
of genotypes for these traits. Six genotypes (UCC2001/449,
96/1708, MM96/1751, 00/0203, 96/409, and I91934) had
significantly higher root yield than the best local farmer
preferred genotype, Pontisange. These genotypes can be
evaluated in more environments to assess their adaptability
and possible recommendation for release to farmers for
cultivation.
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